INTRODUCTION {#sec1-1}
============

We live in an era where science and technology knows no boundaries. Our dental profession is no less; it is evolving into its best at present. The amalgamation of basic molecular science and engineering technology has had a huge impact on the world of medicine and dentistry alike. Advances in the studies of human genetics, stem cell biology, medicine, and proteomics have allowed for the application of tissue engineering to clinical problems in dentistry.

With this wide spread change in knowledge and awareness, the demand and responsibility of dentistry is increasingly huge. Today more adult patients seek orthodontic treatment as compared to earlier days. Invariably both the Orthodontist and the Periodontist need to be well equipped with thorough understanding of each other\'s fields, to deliver the best possible treatment to the patient. Research involving the biology of periodontal tissues, their reactions to mechanical, chemical or pathological stimuli is an exciting field as we are trying unravel several queries to meet demands of this ultramodern era, for example; "Can biology help us achieve better periodontal stable occlusion with good esthetics?," "Can the chemical mediators of inflammation be better handled for our mutual benefit?" Can the ongoing projects with the aid of technology such as nanosciences help us reach the cellular or genetic material of our interest and affect the rate of orthodontic tooth movement (OTM)?

From a periodontist\'s point of view, the understanding of the changes occurring in the molecular and genetic levels of periodontal ligament (PDL) from a mechanical stimulus such as orthodontic force, will definitely open new pathways for common areas of research., as at cellular level both the orthodontist and the periodontist work on the PDL with similar host response to inflammation.

In the first part of the article we will comprehensively discuss the five types of cells identified in the bone with current molecular level research as needed by the craniofacial biologist common to both the Periodontist and the Orthodontist.

In later sections, we will discuss, in detail, the unfolding of PDL cellular phenomenon following mechanical loading during OTM. Here the inflammatory sequences can very well be correlated by a periodontist. In the third part the possible future molecular research that can be undertaken jointly to enhance the periodontal health will be discussed.

Osteoblasts, which are of mesenchymal origin, are primarily the bone forming cells. Osteoblasts synthesize and secrete the extra cellular organic matrix of bone including type I collagen, osteocalcin, osteopontin, osteonectin, alkaline phosphatase, proteoglycans and growth factors. Several factors are shown to influence the development of osteoblasts from mesenchymal pluripotent progenitors or mesenchymal stem cells (MSCs) in PDL and alveolar bone for e.g., certain growth factors like bone morphogenetic proteins (BMPs), transforming growth factor (TGF β-I and II), insulin-like growth factor (IGF-I and II), platelet derived growth factor (PDGF) and fibroblast growth factor (FGF) etc.\[[@ref1]\] These growth factors promote osteoblast precursor proliferation, mineralization of new bone by mature osteoblasts and vasculogenesis. Extensive studies reveal that osteoblast differentiation and proliferation are separate processes controlled by different genes. Although many genes control the complex process of osteogenesis, the transcription factor Cbfa1 (Runx2/OSF2) is the earliest expressed and most specific marker of bone format\[[@ref2]\]Osterix is another gene playing a vital role in bone formation that functions downstream of Rxnx2.\[[@ref3]\] In the absence of either Runx2 or osterix, no osteoblast formation takes place. Formation and proliferation of pre-oseoblast cells requires signaling through the Wnt-frizzled-low density lipoprotine 5 (LRP5 receptor-related protein)-β-catenin signaling pathway.\[[@ref4]\] The deficiency of LRP5 lead to development of osteoporosis both in mice and humans.\[[@ref5]\] The function of mature osteoblasts, including the ability to synthesize the extracellular matrix (ECM) proteins, also requires LRP5 as well as signaling protein ATF4.\[[@ref6]\] Osteoblasts lining the bony socket are now believed to be directly responsive to strain such as orthodontic force through the proprioceptive receptor system.\[[@ref7]\] One of the proteins in the membrane of osteoblasts is the integrin.\[[@ref8]\] Integrins translate mechanical strain into a signal which in turn stimulates a gene to make the cell develop ligands. Ligands allow intracellular communication, which stimulates undermining resorption allowing OTM\[[@ref9][@ref10]\]The field of influencing the development of osteoblasts is the present area of research in many of craniofacial research centersThe second type of cells, which are of interest are the osteocytes. They were histologically thought to be trapped osteoblasts in the matrix and whose function was considered to provide support and sustenance to the bone.\[[@ref11]\] Osteocytes are now understood to be very proprioceptive and responsive cells of bone.\[[@ref12]\] It has been demonstrated by Skerry *et al*., that an intermittent force within physiologic limits has an effect in increasing the expressions of glucose-6-phosphate dehydrogenase, 3H-urinidine, c-fos, and IGF-I in the osteocytes within 6 h after intermittent loading at physiological strain magnitude\[[@ref13]\]The third type of cells viz. osteoclasts which differentiate from monocyte-hemopoietic cells are multinucleated giant cells found in bay-like depressions of bone called Howship\'s lacunae. Active osteoclasts exhibit high content of a specific chemical marker, tartrate resistant acid phosphatase (TRAP), which participates in signaling active bone resorptionChemical mediators of macrophage family are known to influence osteoclast differentiation. They are cytokines (tumor necrosis factor \[TNF\], interleukin-1 alpha, 6-alpha \[I\]), certain growth factors macrophage colony stimulating factor (M-CSF), granulocyte, macrophage colony stimulating factor (GM-CSF) and prostaglandin (PGE2). Osteoclast differentiation is also mediated by the interaction of two molecules produced by osteoblasts, namely osteoprotegerin (OPG) and RANK ligand (RANKL) Receptor activator of nuclear factor kappa B ligand\[[@ref14][@ref15]\]Apart from the above three cells of bone; we also have osteoprogenitor cells and bone-lining cells. Osteoprogenitor cells are mesenchymal, fibroblast like cells, regarded to form a stem cell population to generate osteoblasts. They are situated in the vicinity of blood vessels of PDL.\[[@ref16]\] Bone lining cells are the undifferentiated flattened cells lining the bone surface. They may represent active osteoblasts, but further confirmation is needed.\[[@ref17]\]

In essence bone remodeling is orchestrated by cells of osteoblast linage and involves a complex network of cell-to-cell and cell-to-matrix interactions involving systemic hormones, locally produced cytokines, growth factors, many of which are sequestrated with in the bone matrix, as well as the mechanical environment of cells. An excess of resorption over formation leads to bone loss which may be associated with several factors including periodontal pathogens.

Cascade of events that follow after application of orthodontic force: The role of inflammation in orthodontic tissue remodeling {#sec2-1}
-------------------------------------------------------------------------------------------------------------------------------

As we apply orthodontic force on the tooth, following events at the microscopic level occur, based on the current understanding \[[Figure 1](#F1){ref-type="fig"}\].

![Cascade of histological events during orthodontic tooth movement](JISP-17-309-g001){#F1}

Primarily, alteration in the blood flow which results in reduced oxygen level at compressed area, and there might be an increased oxygen level at tension side.\[[@ref18][@ref19]\]

Secondly, generation of Piezo electric signal, which is now stated more appropriately as bioelectric potential in the form of small voltage of current, is released due to bending of bone and deformation of crystal structure.\[[@ref20]\]

Thirdly, neurotransmitters (examples Substance P, vasointestinal polypeptide (VIP), calcitonin gene related peptide are possibly released on account of physical distortion imposed by peripheral forces on paradental tissues such as nerve fibers and terminals.\[[@ref21]\]

Thus, the primary stimulus such as that of the orthodontic force may elicit its response to cells of PDL and bone in the form of release of -Bioelectric signals produced on account of bone bending, -inflammatory-chemical mediators such as PGE2s, cytokines nitric oxide (NO) etc., -release of neurotransmitters.

It has been proved that cells in PDL such as fibroblasts and bone cells such as osteoblasts possess receptors for these substances, and all these are highly interacting and interconnected, presenting number of possibilities of transducing mechanical force acting on cells and their adjacent matrices.\[[@ref22]\] These interactions lead to transient increase in the intracellular levels of second messengers such as cyclic adenosine monophosphate (cAMP), cyclic guanosine monophosphate (cGMP), inositol phospatase 3 (IP3) and calcium.\[[@ref23][@ref24][@ref25][@ref26]\] These second messengers advance signals to the nucleus through series of kinases. In the nucleus of each cell, different second messengers account for the differential patterning, protein synthesis and gene expression. Such recently identified immediate early gene expression proteins transcription factors include C-fos, C-jun AP-1 mRNA, Egr-1, SP-1 growth differentiation factor 9B and extracellular matrix gamma carboxyglutamic acid (GLA) protein. The transcription factors seem to increase when cells are exposed to mechanical stimulation, cytokines and growth factors.\[[@ref27][@ref28][@ref29][@ref30][@ref31]\] These transcription factors can produce either cellular proliferation or cellular differentiation leading to osteoblastic bone formation or interactions to lead osteoclastic bone resorption.

In rat experiments, it was shown that within 3 h of applying orthodontic force there was an increase of 1.7 fold in C-fos mRNA expression, when compared to the controlled side where no orthodontic tooth movement was applied. At 24 h after initial orthodontic force application, significant induction of 1.9 fold was detected. Final 1.5 fold induction was seen after 7 days of force application. These results show a peak of C-fos induction in cyclic fashion, i.e., at 3 h and 24 h and at 7 days after appliance activation. The authors speculate that C-fos may play a role in both early and in the later phases of orthodontic tooth movement cycle.\[[@ref32]\]

The sequence of events after the application of mechanical forces with the help of orthodontic appliances can thus be outlined as:\[[@ref33]\]

Movement of PDL fluids from areas of compression into areas of tensionA gradual development of strain in cells and ECM in the paradental tissues involvedRelease of phospholipase A2 and cleavage of phospholipids leading to release of PGE2 and leukotrienesECM remodelling and signal transduction through integrin trans-membrane channelsCytoplasmic alterations and release of 2^nd^ messengers of tooth movement - cAMP and cGMP, ionositol phosphates, calcium and tyrosine kinasesRelease of kinases such as protein kinase A, kinase C and Mitigen activated protein MAP kinasesDirect transduction of mechanical forces to the nucleus of strained cells through the cytoskeleton, leading to activation of specific genesRelease of neuropeptides (nociceptive and vasoactive) from paradental afferent nerve endingsInteraction of vasoactive neuropeptides with endothelial cells in strained paradental tissueAdhesion of circulated leukocytes to activated endothelial cellsMigration by diapedesis of leukocytes into the extravascular spaceSynthesis and release of signalling molecules by leukocytes that have migrated into the strained paradental tissuesInteraction of various types of paradental cells with the signal molecules released by the migratory leukocytesActivation of the cells to participate in the modelling and remodelling of the paradental tissues.

The above stated cascade of events, in fact, may be a brief summary of current understanding of whole lot of complex activities and interactions occurring in the PDL and alveolar bone after the application of primary stimulus such as mechanical force or action of hormones. In the next part, we will analyze certain important modes of actions of chemical mediators and their complex, internal interactions.

ROLE OF PROSTAGLANDINS IN MEDIATING OTM {#sec1-2}
=======================================

Prostaglandins are synthesized from 20-carbon essential fatty acids by a microsomal enzyme complex (PG Prostangladin synthetase) found in all Mammalian tissues.\[[@ref34]\] In humans, the most abundant precursor is arachidonic acid, which is present in membrane phospholipids of cells. Arachidonic acid can be released either by phospholipases activated by direct cellular damage or by any non-destructive perturbation of the membrane, be it physical, chemical, hormonal or neurohormonal. Prostaglandins can also be termed as local hormones functioning to co-ordinate effects of those other hormones which induce PGE2 synthesis. They function through G-protein linked receptors to elicit their cellular effects.\[[@ref35]\]

Classically, Prostaglandins as one of the chief mediators of inflammation cause an increase in intracellular cAMP and calcium accumulation by monocytic cells, which then modulates and activates osteoclastic activity. (It is to be noted that elevation in cAMP is not only affected by PGE2s alone, but also influenced by substance P, VIP, calcitonin gene related peptide and many others).

Klein and Riasz\[[@ref36]\] reported for the first time the involvement of Prostaglandins in OTM. After that many *in vivo* and *in vitro* animal experiments have been conducted mainly by Davidovitch *et al*.; Davidovitch and Shanfeld; Davidovitch *et al*.,\[[@ref37][@ref38][@ref39]\] Yamasaki *et al*. (first reported human study, 1982-83),\[[@ref40]\] Lee *et al*.,\[[@ref41]\] Liker,\[[@ref42]\] Selinkale *et al*.\[[@ref43]\] and many others. All these experiments indicate a very vital role of PGE2s in OTM. The human reports of Yamasaki *et al*.\[[@ref40]\] and Anand *et al*.\[[@ref44]\] demonstrated increased rate of orthodontic tooth movement with exogenous injections of PGE2 \[Figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}\]. Studies indicate that Prostaglandins increase the number of osteoclasts as well as stimulate osteoblastic cell differentiation and new bone formation.

![Production and metabolism of prostaglandins](JISP-17-309-g002){#F2}

![Prostaglandin E~1~ with lignocaine as vehicle and injection method of administration of prostaglandin E~1~](JISP-17-309-g003){#F3}

Several cytokines and hormones induces PGE2 secretion in bone which in turn effects cytokine activity, stimulating osteoclast activation,\[[@ref45]\] and loss of osteoblastic junctional complexes.\[[@ref46]\] Prostaglandins stimulate osteoprogenitor cells to proliferate and differentiate so that osteogenesis is increased.\[[@ref36]\]

Of the many investigations emerged the hypothesis that osteoblasts regulate the resorptive activities of osteoclasts.\[[@ref47]\]

Osteoblasts carry receptors to all hormones involved in the maintenance of calcium homeostasis, such as (PTH) Parathyroid hormone, calcitonin and vitamin D3.\[[@ref48]\] Osteoblasts also respond to locally produced agents such as growth factors, with elevations in cAMP contents and PG synthesis. Thus Prostaglandins could serve as a stimulatory link or a coupling factor between osteoblasts and osteoclasts.\[[@ref49][@ref50]\]

CYTOKINES AND GROWTH FACTORS IN OTM {#sec1-3}
===================================

The early phase of OTM involves an acute inflammatory response characterized by periodontal vasodilatation and migration of leukocytes out of PDL capillaries. The released inflammatory mediators such as Prostaglandins and IL-1 interact with bone cells. Cytokines secreted by leukocytes may interact directly with bone cells or indirectly, via neighboring cells, such as monocytes/macrophages, lymphocytes and fibroblasts.\[[@ref6][@ref31]\]

Cytokines released have multiple activities, which include bone remodeling, bone resorption and new bone deposition.

Cytokines family includes IL-1, Tumor necrosis factors, colony stimulating factors and Growth factors. Prominent cytokines that show demonstrated effects on bone remodeling are IL-1 Iβ, IL-6, TNF-alpha (TNF-α), GM-CSF and M-CSF.\[[@ref51]\] These cytokines have been shown to stimulate bone resorption and induce osteoclast proliferation. IL-1 β attracts leukocytes, stimulates fibroblastic proliferation and enhances bone resorption; IL-2 is associated with active osteoclasts. IL-6 induces osteoclastogenesis and osteoclastic bone resorption. Elevation in IL-1 α, IL-1 β, and IL-6 following mechanical force application has been demonstrated by *in-vivo* studies\[[@ref51][@ref52][@ref53]\] and *in vitro* studies.\[[@ref54][@ref55][@ref56]\] TNF-α stimulates bone resorption and bone cell replication. M-CSF is the most potent in stimulating bone-marrow cells to produce osteoclasts.

Growth factors are also released during inflammation and repair by the cells of PDL and bone. Another theory states that the growth factors may be secreted by bone cells and stored (bound to bound matrix). They are likely to be released and activated during bone resorption.\[[@ref57]\] They include FGF, IGF-I, IGF-II, TGF-β, PDGF and BMPs. FGF stimulates replication of both osteoblasts and progenitor population. PDGF plays a role in wound healing. IGF increases type 1-collagen and matrix synthesis by osteoblasts. TGF inhibits osteoclasts as well as promotes PGs production.

BMP\'s are now showing promising results in Periodontics in the field of PDL tissue reconstruction. BMP-2 has been shown to induce mesenchymal progenitors to differentiate into both osteoblasts and chondrocytes. BMP-2 also has been shown to stimulate committed osteo-progenitors (ROB -- C 26(C26) cells) to differentiate into more mature osteoblasts.\[[@ref58]\]

RANK-RANKL-OPG {#sec1-4}
==============

The receptor activator of nuclear factor kappa B ligand (RANKL), its decoy receptor (RANK) and OPG were found to play important roles in regulation of bone metabolism.\[[@ref59]\] Evidences suggest osteoblast itself regulates the differentiation of osteoclast.\[[@ref60]\] The talk between an osteoblast and osteoclast is accomplished through an osteoblast membrane bond RANKL which can interact with osteoclast precursors to cause them to differentiate into osteoclasts. Another membrane bond molecule and its bonding ligand OPG can develop to block RANKL and prevent osteoclast formation.\[[@ref61]\] Extensive studies done by Alhashimi *et al*.,\[[@ref51]\] Aihara *et al*.,\[[@ref62]\] Theoleyre *et al*.,\[[@ref63]\] Kanzaki *et al*.,\[[@ref64]\] and Yamaguchi *et al*.\[[@ref65]\] have demonstrated that RANKL promotes osteoclastogenesis while OPG inhibits this effect.

Kanzaki and Chiba *et al*.\[[@ref28]\] have demonstrated in rat experiments that local OPG gene transfer to periodontium inhibits OTM. It is also shown in the same experimental study that exogenous injection of PGE~2~ increases RANKL mRNA expression in PDL cells in rats. Researches of this kind may be an exciting thing in future to accelerate/block the tooth movement specifically at a particular site during the course of OTM.

Gingival crevicular fluid assessment {#sec2-2}
------------------------------------

Various molecules are capable of passing through gingival sulcular epithelium and filter their way into GCF. The majority of these molecules are associated with remodeling of paradental tissues during situations such as normal maintenances, periodontal diseases and Orthodontic treatment. The collection of GCF is a non-invasive procedure, which provides periodontist and orthodontist useful diagnostic information on the nature and extent of the periodontal health or disease as well as patients response to mechanotheraphy.

Direct evidence for modified or enhanced cellular activities during orthodontic tooth movement can be found in GCF of treated teeth. Grieve *et al*.,\[[@ref66]\] Ren *et al*.,\[[@ref67]\] Sari *et al*.,\[[@ref68]\] Dudic *et al*.,\[[@ref69]\] Giannopoulou *et al*.\[[@ref70]\] demonstrated elevated PGE~2~ levels in GCF 1 day after application of mechanical stimuli. Iwasaki *et al*.\[[@ref71][@ref72][@ref73]\] measured concentration of IL-1β and its receptor antagonist IL-1RA Receptor antagonist periodically in GCF in 7 Orthodontic patients during the retraction of canines in extraction site. A correlation was found between the velocity of tooth movement and increase in concentrations of cytokine and its receptor antagonist.\[[@ref4]\] Lee *et al*.\[[@ref74]\] similarly measured 1 L-1β and PGE2 in GCF of young adult patients with orthodontic canine retraction. The retraction forces was continuous on one side and intermittent on the other side. The study showed significant increase in 1 L-1β and PGE2 in both the groups. Grieve *et al*.,\[[@ref66]\] Uematsu *et al*.,\[[@ref75]\] Tzannetou *et al*.,\[[@ref76]\] Yamaguchi *et al*.,\[[@ref77]\] Dudic *et al*.,\[[@ref69]\] Giannopoulou *et al*.,\[[@ref70]\] Ren *et al*.\[[@ref67]\] also demonstrated elevated IL-1 β levels in GCF 1 h after application of mechanical stimulus. Uematsu *et al*.,\[[@ref75]\] Ren *et al*.,\[[@ref78]\] Basaran *et al*.\[[@ref79]\] showed elevated IL-6, IL-8 levels in GCF after force application. Uematsu *et al*.,\[[@ref76]\] Basaran *et al*.,\[[@ref80]\] Ren *et al*.,\[[@ref67]\] Lowney *et al*.,\[[@ref81]\] Karacay *et al*.\[[@ref82]\] demonstrated increased level of TNF-α in GCF after force application which peaked at day 1. Last *et al*.,\[[@ref83]\] Samuels *et al*.,\[[@ref84]\] Waddington,\[[@ref85]\] Pender *et al*.\[[@ref86]\] demonstrated elevated Hyaluronic acid in all GCF samples and chondroitin sulphate levels in GCF increased greatest in teeth that moved most. Saggese *et al*.\[[@ref87]\] and Toia *et al*.\[[@ref88]\] showed elevated IGF (bone remodeling marker) and its binding protein levels in GCF, 4 h after mechanical stimulation. Acid phosphatase\[[@ref89]\] and Aspartate aminotransferase\[[@ref90]\] levels after force application were higher on compressed side compared to tension side in GCF. Alkaline phosphatase levels were higher on tension side compared to compression side as shown by Perinetti *et al*.\[[@ref91]\] and Batra *et al*.\[[@ref92]\] Lactate dehydrogenase\[[@ref93][@ref94]\] levels were higher on compression side whereas Collagenase\[[@ref95]\] levels were elevated on both mesial and distal sides after mechanical stimulus. Matrix metalloproteinases (MMPs) (MMP-1, MMP-2 and MMP-8) show elevated levels on compressed side than on tension side.\[[@ref96][@ref97][@ref98]\] Elevated levels of Cathepsin B, an indicator of ECM degradation, were demonstrated in GCF by Sugiyama *et al*.\[[@ref99]\] 1 day after force application. Wahab *et al*.\[[@ref100]\] demonstrated elevated levels of TRAP in GCF on the compression side after force application. Griffiths *et al*.,\[[@ref101]\] Isik *et al*.,\[[@ref102]\] Kunimatsu *et al*.,\[[@ref103]\] Nakashima *et al*.,\[[@ref104]\] demonstrated significantly elevated levels of Osteocalcin, a bone turnover marker in GCF of patients with periodontal breakdown. Elevated levels of Osteonectin\[[@ref105]\] and Osteopontin,\[[@ref106][@ref107]\]) detected in GCF with progressive increase in periodontal breakdown. Root resorption markers like dentin matrix protein-1, dentin phosphophoryn and dentin sialoprotein had significantly high concentrations in GCF of teeth showing severe root resorption.\[[@ref108]\] Kereshanan *et al*.\[[@ref109]\] demonstrated elevated levels of dentin sialoprotein in GCF samples of teeth at 12 weeks following commencement of fixed appliance therapy.

DETECTION OF MECHANICAL STRAIN BY BONE CELLS {#sec1-5}
============================================

OTM involves application of forces and moments from wires through brackets to teeth, with a goal of repositioning them in dental arches. The system of forces and moments is applied to the tooth which is a rigid body The PDL and alveolar bone houses the teeth. After the application of orthodontic force, the initial step is the detection of mechanical strain.

Researches indicate that the cells responsible for sensing mechanical strains in the bone are osteoblasts, Osteocytes or both.\[[@ref110]\]

Three theories have been suggested on how these cells sense mechanical strain and how then the stimuli are passed into the cell and from one cell to another.

Strain released potentialsActivation of ion channelsECM and cytoskeleton reorganization.

For the purpose of interdisciplinary understanding this article restricts explanation to ECM and cytoskeleton.

ECM AND CYTOSKELETON REORGANIZATION {#sec1-6}
===================================

The principle elements of ECM of either PDL or the bone may be considered as collagen fibrous network providing structural support embedded in and interacting with a non-collagenous matrix consisting of proteoglycans and various glycoproteins. The macromolecules, which make up the ECM, include collagen and glycosaminoglycans. These macro molecules are secreted at local levels by cells, particularly fibroblasts in the PDL and osteoblasts in the bone. The MMPs represent major class of enzymes responsible for ECM metabolism.

The growth and repair of connective tissue is a delicately balanced process of ECM removal and replacement, with significant control by MMPs and primary natural inhibitors or tissue inhibitors of metalloproteinases.

Cytoskeleton represents a framework attaching cell to cell or cell to ECM, thereby presenting a possibility of transducing mechanical forces acting on the cells or on their adjacent matrices.\[[@ref7]\]

There are two types of cellular adhesions possible in the cytoskeleton framework. One is cell to cell adhesion and the other is cell to ECM adhesion. It is now clearly demonstrated histologically that any cytoskeleton framework has three main components, i.e., Microtubules, microfilaments and intermediate filaments. The major subunit protein of the microfilaments is actin. There are, however many associated protein such as myosin, tropomyosin, vinculin and talin.\[[@ref7]\]

The cell membrane integral proteins are also identified as cell surface receptors termed Integrins which span the cell membrane from cytoplasm to extra cellular matrix. These Integrins mediate cell to cell attachment or cell attachment to ECM molecules such as fibronectin, laminin and talin. It has also been shown that actin and vinculin bind to this talin-integrin complex.

Integrins when analyzed at molecular levels, are a family of α/β heterodimeric cell surface receptors, composed of at least fourteen distinct α-sub units and eight or more β - subunits that can associate non-covalently in various combinations. Osteoblasts have been shown to express the Integrin subunits α~1~, α~3~ and β~1~. Osteoclasts express a different selection of Integrin subunits namely α~2~, α~v~, β~1~ and β3 which play an important role in adhesion of osteoclast to the bone surface.\[[@ref60]\]

Integrins are found to regulate signaling pathways by changing intracellular calcium, regulating incitol lipid turnover, and phosphorylation of intracellular proteins. The individual binding of Integrins to osteoclasts and osteoblasts has been elucidated with the use of cell adhesion assays, monoclonal antibodies and affinity chromatography. The receptor binding site (RGD)(which is the one letter amino acid abbreviation for arginine-glycine-aspartic acid) was first defined. Similarly RGES (arginine- glycine- glutamic acid-serine) receptor binding site was also identified. In an engineered experimental study, it was found that both RGES and RGDs bind to osteoblasts.\[[@ref9]\]

Both osteoblasts and osteoclasts express multiple Integrins or bind to many RGD containing proteins including osteopontin and cleaved type-I collagen, which are abundant in bone.

Periodontal tissue response to orthodontic forces {#sec2-3}
-------------------------------------------------

Light force i.e., force less than capillary blood pressure results in PDL ischemia with simultaneous bone resorption and formation resulting in more continuous tooth movement. Moderate force i.e., force exceeding capillary blood pressure leads to PDL strangulation resulting in delay in bone resorption. Strong/heavy force i.e., forces far exceeding capillary blood pressure results in ischemia and degeneration of PDL on pressure side resulting in hyalinization with more delay in tooth movement.

Possible combined future researches in the field of orthodontics and periodontics {#sec2-4}
---------------------------------------------------------------------------------

Saliva biomarkers: Orthodontic tooth movement is a process of paradental remodeling mediated by inflammatory mediators like PGE2s, cytokines, neuropeptides, MMPs etc. These inflammatory mediators are also present in periodontitis and periodontal diseases. Hence detection of these inflammatory mediators is of paramount importance in detection and screening of periodontal diseases as well as demonstrating orthodontic tooth movement. GCF markers have several shortcomings like long collection times, easily prone to contamination, thick viscosity, questionable accuracy etc. Salivary biomarkers are rapidly gaining increasing popularity over GCF markers these days.

### Advantages {#sec3-1}

Inexpensive, non-invasive and easy-to-useEase of collection, storing and shippingEasier handling as it does not clot.

### Disadvantages {#sec3-2}

Informative analytes generally present in lower amounts than in serumDilution of biomarkers common.

Pederson *et al*.\[[@ref111]\] demonstrated that an increase in salivary levels of Cathepsin G, Elastase, Elastase inhibitors and C-reactive proteins correlated with increased periodontal breakdown. Craig Miller *et al*.\[[@ref112]\] in his study revealed that salivary biomarkers IL-1 β and MMP-8 specific for three aspects of periodontitis i.e., inflammation, collagen degradation and bone turnover were significantly higher in subjects with periodontal breakdown. Todorovic *et al*.\[[@ref113]\] showed in his study that the activity of creatine kinase, Lactate dehydrogenase, Aspartate aminotransferase, Alanine aminotransferase, Gamma glutamil transferase, acid phosphatase and alkaline phosphatase significantly increased in saliva of patients with periodontal breakdown. Frodge Ebersole *et al*.\[[@ref114]\] demonstrated elevated mean salivary levels of TNF-α in subjects having periodontal diseases. Marracini *et al*.\[[@ref115]\] in his study demonstrated that the mean myeloperoxidase activity in both GCF and saliva increased 2 h after orthodontic appliance activation. Gloria *et al*.\[[@ref116]\] in her study aimed to determine whether variations in salivary concentrations of deoxypyridinoline (DPD) and bone-specific alkaline phosphatase (BAP) as detected with four consecutive visits may be linked with different phases of tooth movement. Results showed that although DPD values revealed an increasing nature after force application and BAP values showed a decreasing trend, only the former showed significant changes over time which implied that DPD dominates the earlier phases of tooth movement while BAP serves as an indicator of bone formation as soon as tooth movement stops. Thus qualitative changes in the composition of saliva biomarkers used in estimating OTM mediated by paradental remodeling could have significance in diagnosis and treatment of periodontal disease as well.

Periodontally accelerated osteogenic orthodontics {#sec2-5}
-------------------------------------------------

Wilcko *et al*.,\[[@ref117][@ref118]\] Nazarow *et al*.\[[@ref119]\] demonstrated that adding periodontal regenerative surgery to the orthodontic protocol increased the quality of care in terms of clinical outcome and long term stability. Surgically accelerated modalities like selective alveolar decortication (SAD) and periodontally accelerated osteogenesis orthodontics can be used as an adjunct to conventional approaches to accelerate OTM with fewer adverse effects. SAD is a procedure where linear and punctuate decortications are made after reflecting the flap. The decortications should not impinge on root -- PDL -- cribriform plate complex and not extend to the alveolus crest. Accelerated OTM occurs due to inflammation and wound healing processes that are evoked by surgical trauma to alveolar bone. In addition alveolar bone surgery may also stimulate production of MSCs in marrow cavities which function synergistically with neighbouring PDL and alveolar bone cells resulting in accelerated OTM.

Murphy\[[@ref120]\] demonstrated that addition of bone graft to a teeth moving through a surgical wound increases bone mass and enhances long term stability. Punctate and linear decortication in areas of alveolus where accelerated OTM is desired followed by addition of bone *ad hoc* where augmentation is needed provides stable results. Frost\[[@ref121][@ref122][@ref123]\] investigated this phenomenon in depth and coined it as the "regional acceleratory phenomenon" and found that the normal metabolic rate of inflammation and wound healing process is accelerated.

Even where the bucco-lingual dimension of the alveolus is great, the decortication depth should not exceed the thickness of the cortex by more than 1-2 mm. The pattern of punctate or linear decortication does not seem to be as critical to the therapeutic effect as the degree of surgical manipulation *per se* Kole\[[@ref124]\] summarized decortication of dento alveolar process with some refinements. The Kole surgery was limited to cortex of dental alveolus but subapical decortication was embelished by extending buccal and lingual cortical plate incisions until they communicated through subapical spongiosa. However, it had periodontal risks like attachment loss, periodontal pocket formation, alvelolar necrosis etc. Hence inspite of accelerated OTM, Koles method did not gain popularity. 32 years later Suya\[[@ref125]\] revived interest in "corticotomy facilitated orthodontics". He made a significant change in that he did not connect the buccal and lingual incisions through the alveolus simply relying on the effects of linear interproximal decortication. This procedure found universal acceptance as OTM was accelerated without any attachment loss, pocket formation or alveolar necrosis.
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